Previous research revealed that the extracts and fractions of Tithonia diversifolia (Hemsley) A.Gray leaves had antiplasmodial activity in vitro. For further development as an antiplasmodial agent, the mechanisms of action and safety of compounds are important to disclose. Heme polymerization inhibition is one of the main targets of antiplasmodial action. The aim of the study was to investigate the activity of T. diversifolia fractions in inhibiting heme polymerization and its cytotoxic effect on Vero cells. Heme polymerization inhibition assay from Bassilico and cytotoxic test on Vero cell using MTT method were conducted for three fractions (F5, F6, and F7) of T. diversifolia leaves. The inhibitory activity of heme polymerization expressed as IC50 and cytotoxicity effect expressed as CC50 were determined by probit analysis. The best heme polymerization inhibition activity was F5 with IC50 = 162.20 ± 57.81 μg/mL followed by F6 and F7 with IC50 216.30 ± 26.56 and 231.54 ± 44.26 μg/mL respectively. All the fractions had a low cytotoxic effect with CC50 for F5, F6, and F7 were over than 100, 34.81 ± 9.94 and 56.26 ± 6.73 μg/mL, respectively and the toxicity index fraction is below 10 or categorized as low selectivity. Conclusion: The fraction of T. diversifolia inhibited heme polymerization in vitro and had low cytotoxic effect on Vero cells but no selective toxicity. Further research using pure compounds may improve its selectivity.
INTRODUCTION

Malaria fever is an infection caused by
Plasmodium and is the major cause of adults and children's death and disease in the tropics and the subtropics. Plasmodium falciparum is the species that causes most deaths compared with the other malaria-causing species such as P. vivax, P. ovale, and P. malariae. These days malaria control is conducted in the form of prevention (especially by maintaining Anopheles vector control) and by using antimalarial medication. Conventional treatment with monotherapy like chloroquine, amodiacin, sulfadoxine-pyrimethamine tend to be ineffective, and now the use of artemisinin-based combination therapy (ACT) is recommended. However, recently has surfaced P. falciparum resistance toward artemisinin in South East Asia, which encouraged the discovery of a new medicine as an alternative to address this resistance (WHO, 2015) .
The success of concocting medicine rationally and the technique of making chemical medicines in the form of synthetic medicine from medicine factories make it easier to discover new medicines without exploring natural ingredients, *Corresponding author : Rul Afiyah Syarif Email : rulafiyah@ugm.ac.id but it is important to note that natural ingredients and medical plantations are still the important source for new medicines (Lombardino and Lowe, 2004) like artemisinin and quinine that come from quinine stems and qinghao leaves (Artemisia annua). Tithonia diversifolia (Hemsley) A. Gray is one of the plantations that have been studied as antimalarials.
The previous study showed that fraction 6 (F6) of 7 fractions of T. diversifolia leaves performed the best antiplasmodium activity to P. falciparum strain FCR3 (Syarif et al., 2018) . This antiplasmodium effect is related to the taginine lactone sesquiterpenes C contained in the plantation (Goffin et al,. 2002) . One of the approaches that can be conducted for its development as an antimalaria alternative is by doing a research on biochemical process, which is highly needed for Plasmodium life sustainability, among others is studying its inhibition of Plasmodium hemozoin formation.
Hemozoin, known as malaria pigment, is a non-toxic heme crystal that is insoluble in water, and is produced in Plasmodium vacuole digestion. Hemozoin formation started from hemoglobin degradation. Hemoglobin degradation by aspartate protease (plasmepsin I) causes the decomposition of heme and globin. Globin is degraded by plasmepsin 2 (falcipain) becomes smaller peptides, which then to be changed by serine protease to amino acids, parasitic nutrition source. Free heme that is toxic to Plasmodium is polymerized to be hemozoin by polymerase heme. This inhibition of heme polymerase is one of the main targets of antimalarial medication (Kurosawa et al., 2000; Pandey and Clauhan, 1998) . Some antimalarial medications that inhibit hemozoin formation are quinolines like chloroquine, amodiacin, and kinin (Kumar et al., 2007) .
Based on the background of choosing this subject, present writer conducts this research o about the effects of T. diversifolia leaves fraction to the inhibition of heme polymerization and its cytotoxicity to Vero cell to find out its safety, in the hope of being able to be the foundation of the development of malaria medicines from natural ingredients.
METHODOLOGY
The tree marigold leaves (T. This fraction is made of soluble ether extract of T. diversifolia leaves the same way it was conducted in the previous research (Syarif, et al., 2018) . The making of soluble ether extract by separating the methanol extract of the leaves using ether solvent (Syarif et al., 2014) . Soluble ether extract is fractionated using vacuum liquid chromatography. Silica gel GF254 as stationary phase and the mobile phase is: n-hexane (100%), n-hexane: ethyl acetate (9:1 v/v), n-hexane ethyl acetate (8:2 v/v), n-hexane: ethyl acetate (7:3 v/v), n-hexane: ethyl acetate (6:4 v/v), n-hexane: ethyl acetate (5:5 v/v), ethyl acetate (100%) and chloroform: methanol (1:1 v/v). Fractions obtained are then dried by having them aerated in room temperature. The image of the compounds that are contained in the fractions are shown in Thin Layer Chromatography (TLC). The fractions with similar spotting in TLC are merged until 7 fractions (F1-F7) are obtained. The previous research showed that T. diversifolia fractions had antiplasmodium activity with fraction 6 (F6) as the fraction with the best IC50 value (Syarif, et al., 2018) . For the further development as antimalarial, this research conducts working mechanism test through the inhibition of heme polymerase and cytotoxicity test to Vero cell to find out its safety. These tests are also conducted to the closest fractions, which are F5 and F7 because these 3 fractions have the best antiplasmodium activity and similar compounds.
Heme polymerase inhibition test
Heme polymerase inhibition test is conducted using the method by Bassilico et al. (1998) , which was modified. The in vitro hemozoin formation came from hematin in an acidic state that is converted to β-hematin, a polymer that is identical with hemozoin.
100 L of 1 mM hematin in NaOH 0.2 M and 50 L of fractions (F5-F7) with various concentrations or distilled water (as negative control), and 50 l glacial acetic acid 100% is put into Eppendorf tube to start polymerase reaction. The trials repeated 3 times (triplicate) for every control and concentration of the treatment. Components in the tube are incubated in 37°C temperature for 24 hours to make the perfect heme polymerization and then are centrifuged 8000 rpm for 10 minutes. Supernatant is disposed, and the sediment is washed with 200 l DMSO and is centrifuged 8000 rpm for 10 minutes. The washing is conducted 3 times. Sediment is dissolved with 200 l NaOH 0,1 M. Solvent (100 l) is poured into the microplate 96 well-its absorbency is read by Elisa Reader in the wave length of 405 nm. Hemozoin concentrate (-hematin) calculated by comparing the test compounds absorbency with the standard curve.
Cytotoxic effect test
Cytotoxic effect is tested using method by Tada et al., (1986) . 100 L of complete media [media M199 containing 10% FBS + 2% antibiotics (Penicillin-Streptomisin) + 0.5-1% antifungal Fungizon] and 10,000 Vero cells cultured in microplate 96 well -well. Microculture is incubated in 37°C in CO2 incubator for 24 hours then 100 L of fractions of various concentrations are put into the well. The control is the well filled with Vero cell and complete media (cell control or negative control) and the well filled with media without cell (media control). Microculture is incubated in 37°C in the CO2 incubator for 24 hours. After disposing the media, 100 L complete media and 10 L of Thiazolyl Blue tetrazolium Bromide is added to the well. Microplate is incubated in the CO2 incubator in 37°C temperature for 4 hours. 100 L of SDS 10% in CL 0.01 M is added into the well to dissolve formazan.
Microplate is incubated for 18 hours in room temperature then read the absorbency with Elisa Reader at wave length 595 nm. Death percentage of Vero cell with test compounds are calculated by comparing the absorbancy with the group absorbance without including test compounds.
Statistic analysis
Heme polymerase inhibition is expressed in Inhibitory Concentration Fifty Percent (IC50) value while cytotoxic effect is expressed in Toxicity Concentration Fifty Percent (TC50). Both are obtained with SPSS program probit log analysis.
RESULTS AND DISCUSSION
Heme polymerase inhibition
Life cycle of Plasmodium involves human and Anopheles mosquito as its habitat. When Plasmodium is developing in erythrocytes (intraerythrocytes) and in the tissue (exo-erythrocytes) inside the human body. While inside the erythrocytes, Plasmodium obtains the nutrition from cytoplasmic hemoglobin by pinocytosis (Kumar et al., 2007) and brings them to the vacuole in acidic state (pH 5-5.4) to be degraded. In acidic state the hemoglobin is oxidized to be methemoglobin and then be hydrolyzed by aspartate protease enzyme (Plasmepsin I and II) to be free heme (Fe 3+ ) or ferriprotoporphyrin IX and denaturated globin. This globin is hydrolyzed to be smaller peptides by cystein protease (falcipain) and zinc that contains metallopeptidase (falcilisin). These peptides are carried by the peptide carrier that is located in vacuole digestion membrane into the parasitic cytoplasm to be hydrolyzed to be amino acids by cytoplasmic exopeptidase and then is used to synthesize protein (Coronado et al., 2014; Kumar et al., 2007) .
Free heme (Fe 3+ ) produced from hemoglobin degradation is highly toxic because it can inhibit protease, damage the erythrocyte membrane (Pandey et al., 1998) , produce reactive oxygen species (ROS) and induce oxidative stress that leads to lysis cells and parasite's death (Kumar et al., 2007) . To resolve Fe 3+ toxicity, Plasmodium has an ability to detoxify free heme. There are 2 ways of detoxification, the primary, which takes place in vacuole digestion by forming hemozoin and secondary, which takes place in cytosol by glutathione (GSH) and heme-binding protein (Campanale et al., 2003; Becker et al., 2004) , and free heme degradation by H2O2 (Nagababu et al., 2003) . Primary way through hemozoin formation is the most important mechanism of free heme detoxification in Plasmodium sp. (Kumar et al., 2007) .
Free heme detoxification to be hemozoin ("malaria pigment") is carried out by heme polymerase enzyme (Coronado et al., 2014) that changes heme monomer to heme polymer (hemozoin). Heme polymer is inter-connected with iron-carboxylase bonds that connect the center ferri from one heme with propionate side chains from other heme (Image 1) (Pandey et al., 1998) .
Hemoglobin degradation is found from the ring stage but mostly this metabolic activity occurs in trophozoite and schizone stages. As long as the ring is only at stage Plasmepsin I, the enzyme that degrade the hemoglobin becomes the heme and goblin that are found, and its existence continues until schizone stage. Plasmepsin II is mostly expressed in trophozoite phase as the phase with the most active metabolism (Coronado et al., 2014) .
This research conducts in vitro heme polymerization heme test by adding T. diversifolia fraction and glacial acetic acid to hematin solvent (Bassilico et al., 1998) . Glacial acetic acid is useful to make the acid state identical to the state inside vacuole digestion and also to start the heme polymerization process. The more inhibited the heme is, the less hemozoin is formed. The test result showed that giving F5, F6, and F7 inhibit the formation of β-hematin (hemozoin). The more concentration, the bigger the inhibition percentage. The inhibition ability of heme polymerization is expressed with IC50.value. Fraction 5 has the best heme polymerization inhibition activity with IC50 value = 162.20±57.81 µg/mL followed by F6 and F7 with IC50 value respectively 216.30±26.56 and 231.54±44.26 µg/mL (Table I ). Anova test showed that there was no significant difference of IC50 average between the three fractions (p>0.05).
The ability to inhibit heme polymerization as one of the T. diversifolia antiplasmodium mechanisms is connected because of the tagitinin C lactone sesquiterpenes inside the plantation (Goffin et al., 2002) . Lactone sesquiterpenes is able to enter the cell by diffusion (Ganthous et al., 2010) . The inhibition of heme polymerization by T. diversifolia fraction is fathomed to go through the similar mechanism with chloroquine. Chloroquine enters the vacuole digestion by diffusion. While inside the vacuole, chloroquine is protonized (with positive charge) so when the electricity charge changes, the chloroquine may not diffuse back outside of the vacuole. This causes chloroquine to accumulate in the vacuole digestion. Compared with the chloroquine sensitive parasite, the accumulation of chloroquine in the vacuole digestion is relatively less in chloroquine resistant Plasmodium (Ehlgen et al., 2012) .
Chloroquine in vacuole digestion bond with heme to forming heme-chloroquine complex and inhibit heme polymerization. Other antimalarials like artemisinin and primaquine also bind hemes but the complex that is formed does not have the ability to inhibit heme polymerization (Sullivan et al., 1998) . Therefore heme polymerase inhibition is not only determined by the ability of compounds bonding with hemes but also their ability to inhibit hemes to polymerize with other hemes.
Compared with the IC50 value on P. falciparum strain FCR3 (Syarif et al., 2018) the result of this research shows that the IC50 value of heme polymerase inhibition is bigger (Table II) . This is similar with the research by Huy et al., (2007) that stated that IC50values of chloroquine and butylprimaquine on P. falciparum D6 are respectively 0.3 and 0.1 µM while the IC50 of hemozoin formation are 15.4 and 2.9 µM (Huy et al., 2007) . IC50 value of heme polymerase is bigger than the IC50 of P. falciparum because there is no direct connection between antiplasmodium activity and hemozoin formation exhibition unless the compound's pKa and lipophilicity are determined (Egan et al., 2000) and high concentration for the compound is needed inside the vacuole digestion compared with the one inside the plasma as the one occurs in the chloroquine. Quinoline concentration is found in vacuole digestion in millimolar stage, although the ones in the plasma are in nanomolar stage (Chong and Sullivan, 2003) .
Cytotoxic test
Adding fractions (F5, F6, and F7) to Vero cell culture shows that the more concentration is given, more cells die or in other word they become more toxic to the cell, and it depends on the fraction concentration that is given (Image 2). Cytotoxic test is conducted to find out if the fraction is safe and is not toxic to normal cell.
Fraction 5, F6, and F7 is cytotoxic, with 50% Cytotoxic Concentration (CC50) respectively > 100; (Carney et al., 2006) 34.81±9.94 and 56.26±6.73 µg/mL (Table III) , the three fractions are categorized under fractions that have low cytotoxic effects (TC50 > 30 µg/mL) to Vero cell (Jenett-Siems et al., 1999) . Based on the average t-test the CC50 of F6 is significantly lower than F5 and F7 (p<0.05). The development of the new medicine prioritize the selective compound, which is a compound that only inhibits essential biological process for the parasite breeding and is not toxic to its host. The selectivity index or toxicity index value is calculated by comparing CC50with IC50. Ratio under 10 indicates that cytotoxic is not selective (Jenett-Siems et al., 1999) . From this research is obtained the toxicity index for F5, F6, and F7 is less than 10, which means the three fractions are nor selective, toxic to both Plasmodium and its host cell. Toxicity index value is low because these fractions are not yet pure compounds or they still contain too many compounds. Therefore, they are not safe enough to be developed as the natural ingredients for antimalaria.
Tithonia divevrsifolia may be developed as safer antimalarial medicine by finding pure compound, which is expected to provide maximum therapy effect and minimum cytotoxic effect like chloroquine and artemisinin, which are also natural ingredients. The fraction that can be examined further to obtain pure compound from among those fractions are F6 because these fraction has the best antiplasmodium activity and better cytotoxic index compared with F7.
CONCLUSION
T. diversifolia fraction inhibits in vitro heme polymerization inhibition and has low cytotoxic effect in Vero cell but not selective. Further research using pure compounds may improve its selectivity. Fraksi 7
